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The factor price equalization hypothesis is widely at odds with the large variation in factor prices across countries. Similarly, the Heckscher-Ohlin-Vanek (HOV) theorem constitutes an incomplete description of trade in factor services: its predictions are always rejected empirically. These two issues are examined using a modification of the HOV model that allows for factor-augmenting international productivity differences. The empirical results are stark: this simple modification of the HOV theorem explains much of the factor content of trade and the cross-country variation in factor prices.
I. Introduction
Persistent differences in wages and other factor prices characterize international trade. Yet a treatment of factor price disparities that is tightly embedded within standard trade theory has eluded empirical researchers. In this paper, I shall provide an integrated treatment of factor price differentials and international trade that is based on international differences in productivity. Understanding factor price differentials is important for several reasons: they are central to the North-South development gap; they are critical to explanations of differing equilibrium growth paths across nations; and they exacer-963 this paper is related to the literature on the HOV theorem without factor price equalization (Bardhan 1965; Deardorff 1979 Deardorff , 1982 Brecher and Choudhri 1982a; Woodland 1982 , sec. 7.3.2; Helpman 1984). As with Bardhan and Woodland, my treatment is less general in that the failure of factor price equalization is driven solely by international productivity differences.
The paper is organized as follows. The model is developed in Section II. Section III provides the bridge between the theory and its empirical implementation. Sections IV-VIII review the empirical findings. Conclusions appear in Section IX. Before proceeding, I review the literature in detail.
Relation to the Literature
This paper has implications for research into trade, productivity, and development (e.g., Chenery, Robinson, and Syrquin 1986) and international comparisons of living standards (e.g., Summers and Heston 1991). It also suggests a factor endowments footing for the growing literature on convergence and endogenous growth. The paper is more immediately related to (i) tests of the HOV theorem and (ii) research into the Leontief paradox. i) As Leamer and Bowen (1981) noted, logically complete tests of the HOV theorem must use data on technology, trade, and endowments. Most of the purported tests of the theorem used only two of these three and so are incomplete. They appear as cross-industry studies for a single country (e.g., Baldwin 1971), cross-country studies for a single industry (e.g., Leamer 1984) , and factor content studies (e.g., Leontief 1953) . Only five papers have reported complete tests of the HOV theorem (Maskus 1985; Bowen et al. 1987; Brecher and Choudhri 1988; Staiger 1988; Kohler 1991) . This paper may be viewed as a complete test of the HOV theorem that rejects it in favor of a minor generalization of the theorem.
ii) Considering the attention the so-called Leontief paradox has received, it is surprising that Leontief's original productivity explanation has gone largely unexplored. Previous researchers tackled the paradox by disaggregating labor by skill classification while maintaining the assumption that within classifications no international productivity differences exist. (For examples, see Leontief [1956] , Travis [1964] , Keesing [1965 Keesing [ , 1966 , Baldwin [1971] , Stern and Maskus [1981] , Maskus [1985] , and Bowen et al. [1987] .) As the literature illustrated, disaggregating at least partly explains the paradox; however, it cannot explain the overall poor performance of the HOV theorem since the five empirical studies reporting complete tests rejected the theorem using disaggregated labor data. In contrast, the 
Since country c is defined to be abundant in factor f if VfrSc J Vf > 0, equation (1) implies the HOV theorem: a country exports the services of its abundant factors. This prediction has been repeatedly rejected (Maskus 1985; Bowen et al. 1987; Brecher and Choudhri 1988; Staiger 1988; Kohler 1991) . Equation (2) is the factor price equalization hypothesis. It is incompatible with the large observed differences in wages across countries (see table 1 below).
The argument of this paper is that empirical departures from equations (1) and (2) are largely eliminated by allowing for productivity differences across countries. For example, Leontief (1953) claimed that the United States is abundant in labor when labor is measured in "productivity-equivalent" units. Let ITLc be a parameter with the interpretation that if VLC is the labor endowment of country c, then VL*C = TLc VLC is the corresponding labor endowment measured in productivity-equivalent units. In these terms, Leontief 
Sarc Sa'TfI where Ffe is a typical element of F* = A *Tc. This paper is devoted to examining how closely equations (4) and (5) conform to the international data on trade, endowments, consumption shares, and factor prices.
III. Empirical Implementation
The following data will be used to examine equations (4) and (5). For more details, see the Data Appendix. All data pertain to 1983 unless indicated otherwise. There are 33 countries in the sample, which together account for 76 percent of world exports and 79 percent of world GNP. The choice of countries was largely dictated by the availability of trade data at a detailed industry level (Ti) and, to a lesser extent, by the availability of factor endowment data. The factor content of trade (F* = A* Tc) was calculated using the U.S. technology matrix (A*). The usual caveat about using U.S. technology to calculate the factor content of non-U.S. trade applies here, albeit with 1i(TcVVc) ... I ,lFcV' ) then assumption A holds (Trefler 1992 (5), it is tempting to tack on error terms and calculate the likelihood of the nrfc given the observed data. However, under the assumption of a normally distributed error process for each equation, there are 2CF observations (equations) and CF + 3 unknowns (three covariances) so that the ratio of observations to parameters is very low. In addition to the estimation issue is the trickier problem of deciding whether the model is "reasonable": this is often inadequately conveyed by the reporting of a few test statistics.
Proposition 1 below provides the basis for a different approach to 2 Forests, oil, coal, and minerals have been used in other studies but were not included in this study. Forests were excluded because the forestry and fishing production data are merged at the level of aggregation used. Oil, coal, and minerals were excluded because they are heavily traded internationally, so that, as Leamer (1984 (4) for the case in which the irf are the same across factors. They were not satisfied by this alteration of the model since estimates of the nfr that produced the best fit were often negative. Part i of proposition 1 shows that if the nrf are allowed to vary across factors, I am able in effect to adjust upward or downward the measured factor supplies in each country so that the HOV equation (4) fits exactly. This is true regardless of the data (Ff*, Xf) on factor contents of trade, consumption shares, and factor endowments. Indeed, the flf that makes the HOV equation (4) fit exactly is not even unique: it is unique only up to a normalization of one element. Implicit in part i is a useful feature of the Ift: they do not depend on data for other factors and so can be calculated one factor at a time without worrying about how other factors are treated. For example, the (fi for labor is not affected by the mismeasurement of capital endowments or by the exclusion of oil endowments.
Since the HOV equation (4) can be made to fit exactly, I cannot assess my productivity modification of the HOV model in terms of how well it fits the trade and endowment data. But I can judge the model in two other ways. First, part ii of proposition 1 indicates that for some data there will be negative Af . I can therefore follow Bowen et al. in treating negative Afe as evidence that the model does not fit the data. Second, I can exploit the factor price equation (5), which states that the productivity parameters ought to be proportional to factor price differences. For example, if it is necessary to assume that British labor productivity is only two-thirds of U.S. labor productivity in order to make the HOV equation (4) fit exactly, then British wages ought to be about two-thirds of U.S. wages as well. Part iii of proposition 1 states that when the A are chosen to make the HOV equation (4) fit exactly, it is unlikely that the Afe will also make the factor price equation (5) 
Tf, US Wf, US Equation (7) plays a central role in that it imposes C -1 exact restrictions on the Afe, restrictions that are satisfied with probability zero. Departures from these restrictions will be used to evaluate the plausibility of the model. By analogy to econometrics, equation (7) 
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There are two notable differences between the capital and labor results. First, the SrK, are more tightly distributed than the ITLC, perhaps reflecting the greater mobility of capital relative to labor that would likely reduce international capital productivity differences. Second, the correlation is lower for capital, which may reflect the conceptual and data difficulties relating to the construction of capital stock and capital price series.
The theory predicts more than just a high correlation between the fclT/irfus and wfclwfus series: it also predicts that the two series will be equal. Another explanation is that the wage data pertain to nonagricultural activities. Agricultural wages tend to be lower than nonagricul-4 A bold conclusion from Saxonhouse's (1989) residual analysis is that Japanese protection has not distorted Japanese wages or trade in labor services. To conclude, the close correspondence between the 7rfc and the wfc strongly supports an HOV model that allows for factor-augmenting international technology differences and the implied international factor price differences.
V. Cross-Country Results for Each Factor
For factors other than capital and aggregate labor, the absence of factor price data leads to a search for alternative criteria for evaluating the economic reasonableness of the wfc. This section provides four such criteria. The first is that the Trfc must be nonnegative (part ii of proposition 1). Table 2 lists factor-country pairs having negative Trfc. Only 10 of the 384 lTfc are negative, and they are primarily concentrated among the land factors and the three countries in the sample with the smallest land endowments, namely, Hong Kong, Singapore, and Trinidad and Tobago.
The second criterion is based on casual empiricism: U.S. productivity is among the highest in the world for each factor. Since Tfus = 1, this observation suggests that for each factor, the distribution across countries of the mTfc will be centered at less than unity. A robust summary statistic is the median. This is easily culled from Appendix tables Al and A2, which report the rrfc sorted by size. For all but administrative workers and pasture, the median is less than unity as expected. The high median for administrative workers may be due to a classification error since the United States has more than half the world In the absence of factor price data, alternative criteria must be used to evaluate the nf, Overall, the Trfr are plausible as judged by the four criteria adopted in this section.
VI. An Explanation
Given that the rfr are calculated using data on the deviations from the HOV theorem, it is not immediately obvious why they are so plausible. This section suggests a feature of the data that explains the results. Let VfW = CVf, be the world endowment of factor. Gross national product at factor prices can be expressed as Y, = If wfrVfr. If trade is balanced so that the consumption share s, equals YJYW, this GNP equation can be rewritten as
f where awi = wfzVfwlYw and FARf, = (VfrlVfw)ls,. The term FARfr is the factor abundance ratio: by definition, it exceeds unity if and only if country c is abundant in factor. In the standard HOV model with identical technologies and factor price equalization, YEf Wfr = 1 so that the weighted average of the factor abundance ratios is unity. In particular, no country can be scarce or abundant in all factors. Yet inspection of Leamer's (1984) resource abundance profiles reveals that each developed country suffers a scarcity of almost all factor endowments and each developing country enjoys an abundance of a large number of factor endowments. Strictly reasoned, this is not inconsistent with equation (9) since no country is scarce or abundant in all factors and since some factors are omitted from Leamer's study; nevertheless, the strength of the pattern is at odds with the spirit of a theory whose cornerstone is factor abundance. Table 3 illustrates that the same pattern appears in the current data. Column 1 reports that the cross-country correlation between per capita GNP and FARfr is negative for all factors; that is, developed 6 The cross-section R2 of .95 led me to an extensive search for an underlying identity in the construction of the nrf. The search was unsuccessful. For example, the correlations of the rrfc with country characteristics (e.g., sC, y, and YC/Vfc) were never nearly as high as those reported in table 2 and were often quite small. The proof of part ii of proposition 1 provides a simple example that shows there is no such underlying identity. countries tend to be scarce in all factors and developing countries tend to be abundant in all factors. This pattern appears for disaggregated factors as well. An obvious explanation is that the developed countries have a more productive relationship between endowments (inputs) and Sc (output) than the developing countries and so need less of all endowments to attain a given sc, This observation suggests the need for modeling international productivity differences, that is, for modeling the irfc.
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Column 2 of table 3 suggests that it is this feature of the data that drives the pattern of the calculated fC. Let Vf*> = ,c V9ft be the world endowment of factor measured in productivity-equivalent units. By productivity-equivalent factor price equalization the wi*c are equal across countries so that W7= t7. With Vf*C = rfCVfr and w7= States was labor abundant as measured in productivity-equivalent units, the discrepancy likely reflects the narrowing of the productivity gap between the United States and its major trading partners that has occurred since Leontief wrote. Leontief went on to argue that the productivity adjustment for labor would be much more dramatic than the productivity adjustment for capital.8 This prediction is also borne out by the data, which show that while the capital abundance ratio rose from 0.71 to 0.97, it did not rise as much as the labor abundance ratio. Overall, these striking results support the view that in the extensive discussions surrounding the so-called Leontief paradox, Leontief's own insight was right!
VIII. Interpretation of theaf,
The interpretation that properly attaches to the arf1 is not crystal clear. Consider the nf, of 0.66 for British workers. One possibility is that British workers simply work two-thirds as hard as U.S. workers. Another possibility is that British workers are just as industrious, but they have access to a technology that makes them only two-thirds as efficient. A final possibility is that both industriousness and technology are the same globally, but the United States and Britain lie in different cones of diversification: Britain uses labor-intensive techniques to produce a labor-intensive mix of products and the United States uses capital-intensive techniques to produce a capital-intensive mix of products. This third possibility has some intellectual appeal 7 "Let us, however, reject the simple but tenuous postulate of comparative technological parity and make the plausible alternative assumption that in any combination with a given quantity of capital, one man year of American labor is equivalent to, say, three man years of foreign labor.... Spread thrice as thinly as the unadjusted figures suggest the American capital supply per 'equivalent worker' turns out to be comparatively smaller, rather than larger, than that of many other countries. This, I submit, is the analytical explanation of the results of our empirical findings" (Leontief [1953] . My view, necessarily informal in light of this, is that the productivity parameters reflect national differences that strike at the heart of the imperfectly understood development process. One facet of national differences that I have discussed elsewhere is the ability to commercialize technology (Trefler 1993a) . While basic research is internationally available through publications of the scientific community, the translation of basic research into low-cost production processes is both a guarded secret of firms and the comparative advantage of the developed countries.
Given that for expositional purposes I am interpreting the 'Mfc as productivity parameters, it is of some interest to compare my calculated lrfc with existing productivity estimates. For the small subset of developed countries for which reliable productivity indices have been computed, it is possible to compare them with my rfc. Denny and Fuss (1983) 
IX. Conclusions
The factor price equalization hypothesis and the Heckscher-OhlinVanek theorem are widely at variance with observed international differences in factor prices and international trade in factor services. Departures from the factor price equalization hypothesis and the HOV theorem were examined theoretically and empirically using a generalization of the HOV model. The generalization was motivated by Leontief's original explanation of his so-called paradox: factoraugmenting international technology differences imply that endowments must be adjusted to reflect international productivity differences.
My method was to calculate international productivity differences that make the HOV theorem perfectly fit the data on trade and endowments. I then showed that these international productivity differences are consistent with observed international factor price differences. For example, it was necessary to assume that British labor productivity is only two-thirds of U.S. labor productivity in order to make the modified HOV theorem fit exactly. Correspondingly, British wages were found to be about two-thirds of U.S. wages.
An alternative method is to work in the opposite direction from factor prices to the HOV theorem. I could have inferred international productivity differences from international factor price differences and shown that the inferred productivities make the modified HOV theorem fit remarkably well. Capital.-International capital stock data were constructed using the most common method, namely, the double declining balance method (e.g., Leamer 1984) . The investment flows, domestic investment price indexes, and investment-based PPP adjustments needed to construct dollar-denominated capital stock data are taken from the Penn World Table. The assumed asset 
